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ON THE RELATIVE DIMENSIONS OF THE 

OSSEOUS SEMICIRCULAR CANALS 

OF BIRDS.i 

May Agnes Hopkins. 

The purpose of this paper has been to determine whether there 
is any relation of the comparative dimensions of the bony semi- 
circular canals of the ear of birds, either to mode of locomotion, 
or to genetic affinities. 

These precise questions have apparently not been considered, 
except in a short paper by Farrar (1831) that was inaccessible 
to me. Indeed there has been no extended comparative study 
of the dimensions of these bony canals, though the inner ear 
labyrinth has been carefully investigated, notably by Retzius 
(1884). 

In all cases my dissections were made on dried adult skulls. 
The material used was the collection of the University of Texas. 
All the American specimens studied had been identified by Prof. 
Montgomery, and exotic ones by the dealers from whom they 
were secured. 

The work was done entirely under the direction of Prof Mont- 
gomery, to whom lam greatly indebted for his valuable assistance 
and encouraging sympathy. 

I. Modes of Locomotion in Birds. 

Archceopteryx, the earliest known bird, was a good flyer if we 
may judge from its possession of a sternal keel, but it also used 
its fore-limbs as grasping organs since they were provided with 
free unguiculate digits. 

What has given birds their superiority over the reptiles was 
the acquisition of flight, and the main avian peculiarities are refer- 
able to this mode of locomotion. Birds may have developed 
flight in one of two ways — by saltatory locomotion, whereby 
the hind limbs were used as propellers, and the fore-limbs as 
organs of balance ; or by scansorial locomotion on trees, whereby 
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the fore-limbs came to be used as parachutes in the aerial pas- 
sage from one tree to another. The second of these ways may 
have been the more probable. No modern birds use their wings 
in the manner of legs, except the young of Opisthocomus, but 
employ them rather as organs of flight, as balancers or as flippers 
(penguins). 

The different modes of locomotion are intimately connected. 
In this study of the bearing of the relation of the size of the semi- 
circular canals to the mode of locomotion, the following main 
kinds of locomotion were distinguished : The cursorial, where 
the hind limbs are employed to the greatest extent, and upon 
the hard ground ; of such birds I have examined the ostrich and 
roadrunner. The arboreal, where wings and feet are employed 
about equally, as in most of the passeres. A modification of the 
preceding is the scansorial locomotion of such birds as wood- 
peckers. The volant, where the wings are used to the greatest 
extent, as in all birds of long sustained flight ; those with the 
power of soaring represent the acme of this mode of locomotion. 
The combination of volant and nektant, that is of strong flight 
with the power of swimming, as in the gulls and albatrosses. 
The pygopodal, which may be swimming under water (grebes), or 
flight under the water (penguins). The grallatorial, where the 
birds walk upon moist or yielding ground, with an elongation or 
partial webbing of the toes ; such birds have either a strong or 
weak power of flight and some of them can swim to a slight 
extent. 

In the evolution of these modes of locomotion a climbing, 
arboreal habit was probably earliest. From this would have 
followed divergently : {a) development of stronger flight, and 
more aerial life ; {U) loss of flight and terrestrial running ; {c) 
development of a wading habit. Swimming birds have probably 
descended from waders and divers from swimmers. The most 
modified birds, from the standpoint of locomotion, would be the 
two very different groups of flightless birds, the Ratitae and the 
Sphenisci. 

In any study of genetic relationships of birds one may find 
some help in considering the evolution of modes of locomotion. 
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2. Dimensions of the Canals. 

The right ear was the one studied in all cases, and the semi- 
circular canals laid bare by the knife. To measure these curved 
canals a piece of No. 50 cotton thread was drawn around each 
and the length marked on it ; then the exact length of the thread 
when straightened out was ascertained. All absolute dimensions 
are stated in millimeters. All measurements were made twice, 
at an interval of time, in order to secure the greatest possible 
accuracy. For units of comparison a median vertical and a 
median basilar cranial length were employed. The vertical 
length is the distance from the ventral face of the occipital con- 
dyle to the large transverse muscle crest immediately above the 
foramen magnum ; the basilar length is the distance from the 
posterior face of the condyle to the anterior aperture of the 
Eustachian tube as marked by bony ridges. These were taken 
as units of comparison because they can be very accurately 
measured, but especially because they are lengths of parts of the 
skull that are perhaps the least subject to variation. 

In the tables the first three vertical columns give the absolute 
lengths of the semicircular canals. The fourth and fifth col- 
ums give the absolute basilar and vertical lengths of the skull 
for comparison. The succeeding three columns show which of 
the canals are largest. The ninth column gives as the " com- 
bined measurement" of comparison the sum of the vertical and 
basilar cranial lengths divided by two. The tenth column ex- 
presses the sum of the absolute lengths of all three canals. And 
the last column represents this sum divided by the combined 
cranial measurement given in the ninth column. This last col- 
umn, accordingly, states the sum of the lengths of the three 
canals in relation to a definite length of the skull, and may be 
called the "relative total length." 

A comparison of the figures given in the last column of the 
tables shows what genera have the relatively larger, and what 
ones the relatively smaller canals, expressed in terms of the 
cranial measurements. We find then the following associations 
according to this relative sum total length of the canals : 

1. 00 mm. to 1.25 mm., the one genus Pelecanus. 

1.25 mm, to 1.49 mm., Struthio, and certain Anatidae {Anas). 
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1.50 mm. to 1.74 mm., the families Ciconiidae, Anatidse (Da- 
fila, Aythya, Chen, Nettion, Anser). 

1.75 mm. to 1.99 mm., the families Spheniscidae, Phalacrocor- 
acidae, and Anatidae {jQuerqueduld). 

2.00 mm. to 2.22 mm., the families Carthartidae {Cartharistd), 
Gruidae, Phasianidae, Laridae (Sterna), Psittacidae. 

2.23 mm. to 2.46 mm., the families Ardeidse {Arded), Cathar- 
tidae (Carthartes), Tetraonidae {Colinus), Laridae [Larus), Tyran- 
nidae, Hirundinidae and Troglodytidae. 

2.47 mm. to 2.70 mm., the families Ardeidae (Nycticorax), 
Tinamidae, Rallidae (Fidica, Rallus), Charadriidae (Aigialites), 
Scolapacidae (Tringd), Stercorariidae, Columbidae (Zenaidurd), 
Alcedinidae and Paridae. 

2.71 mm. to 2.94 mm., the families Falconidae {Buted), Picidae 
{Dryobates, Colaptes), Tetraonidae {Colinus, Callipepla, Cyrtonyx), 
Charadriidae {^/Egialites), Turdidae, Scolapacidae (Tringa, Calidris, 
Totanus, Sympkemid), Aphrizidx, Columhidx (Columda, Turtur), 
Mniotiltidae, Cuculidae and Tanagridae. 

2.95 mm. to 3.18 mm., the families Rallidae (/Vr^^di^fi), Char- 
adriidae {Squatarold), Scolapacidae {Ereunetes), Icteridae, Capri- 
mulgidae {Phalanoptilus, Chordeiles), and Fringillidae. 

3.18 mm. to 3.32 mm., the families Falconidae (Falcd), Stri- 
gidae and Scolopacidae (Numenius, Gallinagd). 

3.32 mm. to 3.56 mm., the families Charadriidae (Squatarola, 
Charadrius), Caprimulgidae {Chordeiles) ^x^d Picidae {Melanerpes'). 

4.33 mm., the family Trochilidae. 

These data show that birds of the most diverse forms of loco- 
motion, and of very diverse affinities may show the same relative 
sizes of semicircular canals. For example an excellent flyer, the 
black vulture (Catharistd), and the poor flyers, the chicken {Gallus') 
and the parrots (Psittacidae), have the same relative measurement, 
1.98 mm. to 2.22 mm. Further, in certain families the genera 
may exhibit great differences in these measurements, as particu- 
larly in the Charadriidae and Anatidae. 

The relative sizes of the three semicircular canals to each other 
may be summed up as follows : 

The anterior canal is always the largest. 

The posterior canal is larger than the exterior in all the follow- 
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ing families : Struthionidae, Spheniscidae, Ciconiidae, Tinamidae, 
Phasianidae, Aphrizidze, Laridae, Strigidae, Stercorariidae, Alcedi- 
nidae, Bubonidae, and Hirundinidae. 

The exterior canal is larger than the posterior canal in the 
families : Phalacrocoracidae, Cuculidae, Tyrannidae, Corvidae, Icte- 
ridae, FringiUidae, Mniotiltidae, Troglodytidae, and Turdidae. 

The posterior and exterior canals are equal in the families : 
Pelecanidae, Tanagridae, and Paridae. 

The posterior canal is larger than the exterior, or the posterior 
and exterior canals are equal, in the family Falconidae. 

The exterior canal is larger than the posterior canal, or the 
exterior and posterior canals are equal, in the families ; Ardeidae, 
Cathartidae, Tetraonidae, Caprimulgidae, and Picidae. 

Falling under none of the above groups are the families : Ana- 
tidae, Charadriidae, Scolapacidae, and Columbidae ; in each of 
which there are great generic differences of the relative sizes of 
the canals. 

3. Types of Canals. 

In taking the measurements of the canals, I noticed that the 
position of the canals with reference to one another or the angle 
at which they are joined, was not always the same. There are 






Fig. I. Fig. 2. Fig. 3. Fig. 4. Fig. 5. 



five types, though these intergrade, under which all species may 
be grouped (Figs. 1-5). It will be noticed that these are differ- 
ences mainly of the anterior canal, depending on its length. 

Type I. (Fig. i), the genera Struthio and Tinamus. 

Type II. (Fig. 2), Cathartidae, Geococcyx, Scolopacidae, Laridae, 
Stercorarius , Columba, Zenaidura, Ceryle, Caprimulgidae, Strix, 
Asio, Tetraonidae. 

Intermediate between types III. and V. are the genera Turtur, 
Melanerpes, and Dryobates. 
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Type III. (Fig. 3), Ardea, Phalacrocorax, Ara, Anatidae. 

Type IV. (Fig. 4), Ciconia, Rallidse, Grus, Eudytes, Psittacus. 

Intermediate between III. and IV. are the genera Pelecanus, 
and Meleagris. 

Type V. (Fig. 5), Falco, Charadriids, Colaptes, Trochilus, and 
the Passeres. 

In the above, as in the results from the comparison of the 
measurements, the types of canals bear no relation to locomotion ; 
for different genera having very different modes of locomotion 
have the same type of canal ; for example in type II. occurs 
Catharista, one of the best flyers, and in the same group Geococ- 
cyx which seldom flies but is one of the ablest runners. 

4. Eustachian Tube Apertures. 

The Eustachian tubes have a common oesophageal opening in 
all cases, except in the genera Struthio, Eudytes and Tinamus, 
where there is a pair of apertures. 

The Eustachian tube is a perfect bony tube in the following : 
Sterna, Squatarola, Ceryle, Psittacus, Geococcyx, Tetraonidae, 
Phasianidae, Catharista, Falco, Eudytes, and Tinamus. In all 
other cases it is imperfectly ossified. 

Conclusions. 
From a careful consideration of all the preceding data, the fol- 
lowing conclusions may be drawn : 

1 . The anterior canal is always the largest. 

2. The exterior canal is larger than the posterior in the greater 
number of cases. 

3. The relative measurements of the canals to each other, as 
well as their sums, bear no direct relation to modes of locomotion. 

4. Relative dimensions certainly stand in no relation to broader 
racial affinities and such dimensions can be used as taxonomic 
characters only to limited extent. 

5. What occasions differences in these dimensions remains to 
be determined. 

6. The anterior vertical canal is the one most subject to vari- 
ation of position. 
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7. Types of bony labyrinths, distinguished according to rela- 
tive positions of the canals, appear to stand in no relation to 
mode of locomotion, but to ' a certain extent are indicative of 
genetic affinity. 

8. There are two main modes in the position of the pharyngeal 
aperture of the Eustachian tubes : a common pharyngeal aperture, 
or two distinct ones. 
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